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@ Device for automatic ampUficatkm control of a ganuna camera. 

@ A device In a gamma camera for automatic 
amplification control of ihe photomultipller tul>es tiiereof . A 
plurality of light emitting diodes are supplied power from a 
continuously working pulse generator and tlie l^ht 
therefrom Impinges directly or after reflecUon, on the 
cathodes of the photomultipller tubes. A control circuit for 
each photomultlplier tube acts to control the potential 
difference between two dynodes In the tut>e and comprises 
a peak detector coupled to the output of the associated 
photomultipller tube, with the output signal thereof going to 
a comparator for comparison with an adjustable stable 
reference voltage. The output of the comparator is 
connected to a resistance control circuit connected over the 
two dynodes, such that a continuous recall bration of the 
amplification of each photomultipller tube Is made during 
use of the gamma camera 



5. 



5t 



ACTORUM AG 



BNSOociD: <EP_ooee7eaAi J_> 



0066763 



1011 4-1 5NZ-2094 

- 1 - 

Device for Automatic Amplification Control 
Of A Gamma Camera 

The present invention relates generally to a 
device for a gamma camera, and more particularly, 
an automatic amplification control of the photo- 
multiplier tubes thereof. It comprises an atixi- 
liary radiation source and a control circuit for 
each photomultlplier tube for controlling the 
potential difference between two dynodes in the 
tube. 

It is necessary, because of inevitable dif- 
ferences in the manufacture of photoraultiplier 
tubes, among other things, that the amplification 
in each tube of scintillation signals received can 
be separately adjusted so as to equalize the sen- 
sibility of all the tubes. To achieve this, each 
tube is provided with an individual potentiometer 
to be adjusted in an initial calibration by means 
of a collimated punctiform gamma radiation source 
emitting a very narrow gamma radiation hxmch into 
the photomultiplier tube. However, the calibra- 
tion thus obtained is rather unstable, particu- 
larly during the first working time. Therefore, 
it has been necessary to repeat said calibration 
at frequent intervals , e.g., of a few days . The 
procedure, of course, was complicated and expensive 
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and was often not carried out in a manner which 
would ensure that the results of the examination 
were exact. 

Circuits are. also known for automatic recalibra- 
tion of the amplification of the photomultiplier tubes. 
According to the U.S. Patent No. 4,047,034, light is 
emitted from a single light emitting diode through a 
number of identical optical fibres terminating at a 
glass sheet arranged under the photomultiplier tubes 
in order to obtain a uniformly defined illumination of 
all photomultiplier tubes. By means of this illumina- 
tion the amplification of the scintillation signal is 
stabilized before use. a compensation for deviations 
of the aiiq>lification factor of the tubes beyond upper 
and lower limits by means of a resistance bridge being 
periodically made in the aii5>lification circuits con- 
nected to the photomultiplier tubes. A disadvantage 
of this construction is that the illumination of the 
photomultiplier tubes has to be uniform and is very low 
because of the optical fibres used. Further, the 
signal amplification is only periodically controlled 
when the deviations exceed -the fixed limits. 

In U.S. Patent No. 4,079.257. a plurality of auxi- 
liary isotope sources are mounted between the photo- 
multiplier tubes, and have an energy different from the 
«iergy of the radio isotope applied during the use of 
the gamma camera. An amplification control circuit 
asso»ciated with each photomultiplier tube coiiq)rises 
threshold circuits for the isolation of the signals 
originating from the auxiliary Isotope sources and 
integrator and comparator circuits for providing an 
error signal at intervals after the counting of a 
certain number of scintillation events are created by 
the auxiliary isotope sources. The error signal, via 
a programmable power supply circuit, influences the 
potential difference between two dynodes in the photo- 
multiplier tube. This construction is disadvantageous 
in that a plurality of auxiliary isotope sources must 



0066763 

3 

be used. »hlch sources. In cotmectlon with the neces- 
s^.; th;eshold circuit etc. . l»ply a c-^dersble 
eo,^licstion and Increase in cost. 

ai^Ilf ication control can only be carried out at ^ter 

""^"The object of the present invention is to provide 
a device whereby a fully continuous amplification 
control can be obtained and is of a very ..^le con.- 

, '""llcording to the invention the auxiliary radiation 
sourc^co^rises of a plurality of light emitting diodes 
llclted iTrelacion to the photo^^ltiplier tubes so 

the light therefrom directly or after reflectron. 
Zl^Ts on'the cathodes of the tubes. The diodes are 
5 supnlLd power from the continuously working pulse 
gZrator! and each control circuit <=»P""= J/^"^ 
aetector connected to the output °* "f^^^^ttec- 
photomultlplier tube. The output signal of the detec 
Tr\s the input to a comparator which is -1"^^°-^^ 
-Q with an adjustable stable reference voltage input. The 
^tput of the comparator is connected to a resistance 
control circuit inter-connected between the two dynodes 
T-ans of the light emitting diodes, sn i"'""^"^" 
illumination of the photo^iltlpUer tubes xs permanently 
„ achieved, whereby the signals « 

^ch sK,re powerful than the sclntiUatron ^"""^ 
us. of the gam«a camera. As a result, tha control 
circuit for the separation of the light pulses from the 
JZs l^ulses and for the change of the amplification 
,0 of the photomultiplier tubes can be simple, and the 

cLrol is continuously carried out In response to the 
;r^se generator driving the diodes. A further important 
Advantage of the device according to the " 
thirthe amplification adjustment of the Individual 

35 photomultiplier tubes la .--^f t^",::*:^ slL 
the level of the illumination of the tubes when sa 
illumination Is continuously stable. 
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In a particularly simple embodiment of the device 
according to the invention the light emitting diodes 
are arranged in the gaps between the photomultiplier 
tubes. Alternatively, the light emitting diodes can 
5 be arranged at the outer circxnnference of the juxta- 
posed photomultiplier tubes which particularly is an 
advantage if the tubes have such a polygonal shape 
that they can be arranged closely adjacent without gaps 
between them. Such arrangements of the light emitting 
10 diodes is possible becaiise there is no need for an 
equal illumination of the individual photomultiplier 
tubes . 

Furthermore, the light emitting diodes can be 
arranged inside each individual photomultiplier tube 
15 whereby the illumination provided thereby becomes 
particularly stable. 

According to the invention the control circuit 
comprises a control transistor across two dynodes, the 
resistance of the transistor being dependent on the 
20 differential signal derived from the comparator. As 
the dynodes in the photomultiplier tubes used for the 
amplification control normally have a relatively high 
potential, an optocoupler is preferably coimected 
between the comparator and the resistance control 
circuit in order to avoid galvanic connection. 

According to the invention a time constant clrciilt 
can be connected between the input and output of the 
comparator in order to avoid short term amplification 
changes that cause an adjustment of the amplification 

According to the invention the output of the Indivi- 
dual comparators can be connected to an alarm circuit 
which calls the attention of the operator when an: error 
signal from a comparator exceeds the range in T^lch 
the amplification control circuit is able to conq)en- 
sate for errors. According to the invention a warning 
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.3^. sue. as a »-«-sj---r, irr/ 

„ *e output of tibrfr™ ^ich the ala» 

directly the photomultxplier tube rr 

5 "^''^'i l«veutl<» »iXX now be furthe. e^Xalned with 

a pturality of photo^oltipXler tubes w.th 
light sources for use In ««meotioa with 
,0 the automatic recallbratlon according to 

the invention. 
Pi. 2 is a partial block diagram of a control 

circuit for a pbotoeultlplier tube of the 
ga^ camera o£ Fig. 1 according to the 
,c invention, and 

Fig. 3 is a tnore detailed circuit diagram 

. according to the Invention. 
Fig. 1 schematically shows a gamma camera xn 
. n-^ «f lieht emitting diodes 2 are 
^ch a P^-^-^^^y/^^^^^tty o£ photomultiplier tubes 
2Q arranged between a plurality ? ^^^^tributed 
1 said diodes 2 being approxi^nately ^^^"^^^''f 

the tubes so that most of tubes^r contx 

^.s to a r 3 -^^^^^ tubes and 

nti the drawing there are i 4-4^1 

,5 U fight diodes, with only five of the P*'""^^"''^^ 
" tubes not being i-edlately " '^^^f^ T 

-de. -^r::Tf rtiera. 

"Xre 1 - ^e%o .IS. a Wherein a single 
30 photo::ftipller tube 1 and a light ^'^^^J; 

contiguous to said t^be are s^.wn^ Un^er^^ .^^^^^ 

■"T'^'L^r a Tlltmatlon crystal 4 and a colli- 
' lidicattd with arrows In Fig. 2 the light 

3, ToL" wTu U :L«te a part of the glass sheet 3 
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and upon diffuse reflection, especially from the inter- 
face between the glass sheet and the crystal, part of 
the light will be sent upwardly into the closely adja- 
cent photomultiplier tubes as well as into the tubes 
5 located at some distance therefrom. As the amoixnt of 
light provided is very high in comparison with the 
scintillation light, the Illumination achieved in the 
photomultiplier tubes located at some distance from a 
light diode is sufficient to make the amplification 
IQ control circuit work satisfactorily. Accordingly, 

differences in the illumination in the photomultiplier 
tubes are adjusted by means of individual reference 
potentiometers, so that it is immaterial how great the 
amount of light is received by the individual tubes 
15 from the light emitting diodes. As the plurality of 
photomultiplier tubes must have the same sensitivity 
with respect to the scintillations of the crystal, a 
punctiform gamma radiation source is used in the well 
known manner where the source is placed under the indi- 
20 vidual tubes in turn in order to carry out the initial 
individual adjustment of the tubes , after which the 
circuit according to the invention provides for the 
continuity of the adjustment. 

For this purpose it is necessary that the light 
25 from the light emitting diodes is constant with time, 
and consequently it is also necessary that the light 
emitting diodes are arranged In a mechanically stable 
position so as not to turn or change angle with respect 
to the photomultiplier tubes. To achieve this, the 
30 light emitting diodes can be cemented in a light trans- 
mitting material, for example. Appropriate types of 
diodes are molded in semiopaque glass or epoxy, and 
consequently, the light radiation diagram is rather 
uniform over 180^. Further, the light output is 
35 easily kept constant in time by driving the diodes at 
a low degree of load« 
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V. 4^ Fie 2 the diodes 2 are connected to 
As abovn in Fig. ^ ^ ^^ivine the diodes. 

e.g.. . «-«<^"':^ °* 'tiri for estrenel, short 

crystal. 4« w4« 2 the photomulti- 

AS ts further .ho»^ ^^l"-]; «i«ge between 
.0 pXter tube 1 ts ^^^^^ „j ,^„aes 9 

,3 a Xead U and ta pri^rUy procesaea -^^^^^^^ 

etrcult 12 " 'T^^I a«pXt«cation control circuit 
tv*. ts provided «xth «^ comprises a 

as shown in ms. 2 ^- ™^ ' ^i^h 
peak detector 13 ^"'""te oc^ing on the .»ode when 
,0 rectifies the 'f "f^^^t^^/^XTpulse frc« the 
the light e«itting ^ voltage 

pulae generator 6^ M B ^^^^^^^ 
pulse is at a much higher lev 

:.liation Signals ^^^^^^^^jj,, ^..H current 
25 occurs at the output "i^J^ amplification in the 
"'''rtSrirtu^e. Th^sTetector signal is t^en 

r n^rrto^e one i^put »-;xTa; ; 

the other *put of whi^ - ^:t:t::.:ter 17 
30 with a reference ^"/f f^^^../.^ ^^^ct current 

«^eh ts c—*^^:»^,;r Signal from the detector 
irl'e tV^r^"""""" photo^"ipl.er 
■ !" h ftash of light from the diodes 2. " 

33 -^^^ "^"--^ '"^ "^""^ 
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of the potentiometer 17 by the initial calibration of the 
photomultiplier tube while using a gamma radiation source. 

In case of changes in the amplification of the photo- 
multiplier tube, a differential signal will occur on the 
output of the comparator 15 which signal is taken via a 
lead 19 to a resistance control circuit 20 connected 
across two of the dynodes 9 of the photomultiplier tube. 
As the dynodes, on which the control preferably is carried 
out. have potentials of several himdred volts, a opto- 
coupler 21 is Interconnected in order to avoid galvanic 
connection from the detection and comparator circuit. In 
the embodiment shown the control circuit 20 comprises a 
control transistor 22 which, it receives a differ- 

ential signal from a conq>arator 15, controls the voltage 
drop between the two dynodes connected thereto, and 
thereby adjusts the amplification of the tube until it 
corresponds to the amplification to which it was origin- 
ally adjusted, where the different signal is zero. The 
original adjustment is approximately in the middle of the 
control range of the transistor 22 idiich adjustment can 
be done by appropriate control of the high voltage 
connected to the tube. In order to ensure that the 
amplification always is within the possible control 
range, the output of the comparator can be connected to 
an alarm 30 common to all photomultiplier tubes which 
alarm circuit indicates an error to the operator. A 
light emitting diode 23, connected to the comparator 
output is switched on by an excessive error signal in 
order to indicate directly the partlciaar tube in ^rtiich 
the error occurs. 

In the detailed circuit diagram in Fig. 3 the same 
references as in Fig. 2 have been used. The detector 13 
is shown to comprise rectifiers 24, over which capacitors 
25 are charged corresponding to the calibration signal 
which as mentioned above, is some orders of magnitude 
higher than the scintillation signals. The comparator 15 
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shown in the form of an operational amplifier has a 
resistor 26 connected thereto, determining the loop gain. 
A capacitor 27 in parallel thereto serves, in connection 
with the resistor 26. to provide a long time constant xn 
5 order to prevent the amplification of the photomultxplxer 
tube from being adjusted up and down in accordance wxth 
the repetition frequency (1000 Hz in the example) . A 
protection diode 28 is connected in parallel with the 
capacitor 27. In Fig. 3 a noise filter 29 is shown xn 
LO the lead 16 from the potentiometer 17, Furthermore. 

Fig 3 shows the optocoupier 21 diagrammatically . wxth 
the control transistor 22 being connected such that the 
higher the current running through the lead 19. the 
lower is the voltage between the two dynpdes 9 cotmected 
15 to the transistor. Consequently, the total amplxfica- 
tion of the photomultiplier tube is lowered accordingly 
so that the amplification can be adjusted, until the 
error signal on the comparator is zero. 
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CIAIMS 

1. A device for automatic amplification control 
of the photomultiplier tubes for a gamma camera of the 
type having an auxiliary radiation source and a control 
circiiit associated with each photomultiplier tube for 
the control of the potential difference between two 
dynodes in the tube, comprising a pltarality of light 
emitting diodes arranged in relation to the photo- 
multiplier tubes so that the light therefrom directly or 
after reflection l]iq>inges on the cathodes of the photo- 
multiplier tubes, the diodes being power supplied from 
a continxiously working pulse generator, and wherein each 
control circuit comprises a peak detector coupled to the 
output of the associated photomultiplier tube, the output 
signal of said detector being taken to a comparator which 
is also provided with an adjustable stable reference 
voltage, and the output of said comparator being connected 
to a resistance control circuit interconnected between the 
two dynodes . 

2. A device according to Claim 1, wherein the light 
emitting diodes are arranged in gaps between the photo- 
multiplier tubes. 

3. A device according to Claim 1, wherein the light 
emitting diodes are arranged at the outer circumference 
of the juxtaposed photomultiplier tubes. 
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4 A device according to Claim 1. wherein the light 
emitting diodes are arranged inside each individual 
photomultiplier tube. 

5. A device according to Claims 1, 2, 3 or 4 
wherein the resistance control circuit comprises a 
control transistor connected between the two dynodes and 
having a resistance which is variably established xn 
response to the differencial signal derived from the 
comparator . 

6. A device according to Claims 1, 2, 3, 4 or 5 
wherein an optocoupler is connected between the compara- 
tor and the resistance control circuit. 

7. A device according to Claims 1, 2, 3, 4, 5, or 

6 wherein a time constant circuit is connected between 
the input and the output of the comparator. 

8. A device according to Claims 1, 2, 3, 4, 5, 6 
or 7 wherein the outputs of the comparators are coupled 
to a common alarm circuit. 

9. A device according to Claims 1, 2, 3, 4, 5, 6, 

7 or 8, wherein a warning means is connected to the 
output of each comparator. 

10. Apparatus for the automatic control of a 
photomultiplier tube in a gamma camera comprising: 
a power source, at least one light emitting diode 
connected to said power supply and adapted to provide 
light to the photontultiplier tube, and a control circuit 
coupled to the output of the photomultiplier tube, said 
control circuit being capable of adjusting a performance 
parameter of the photomultiplier tube in response to the 
output thereof, such that the gain of the photomulti- 
plier tube is maintained at a desired constant level. 

11. Apparatus as set forth in Claim 10 wherein said 
control circuit includes a peak detector for receiving 
input signals from said photomultiplier tube and 
providing output signals representative of the amplifi- 
cation of the photomultiplier tube. 
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12. Apparatus as set forth in Claim 11 wherein 
said control circuit includes a ccmparator for receiving 
said peak detector output signals and comparing them 
with a reference signal to generate a control signal. 

13. Apparatus as set forth in Claim 10 wherein 
said photomultiplier tube includes a pair of dynodes 
with a variable resistance therebetween and further 
wherein said control circuit includes means for 
adjusting said variable resistance in response to the 
output of the photomultiplier tube. 

14. Apparatus as set forth in Claim 10 wherein 
said at least one light emitting diodes is connected 
to and supplied by a pulse generator. 
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